PURPOSE OF INVESTIGATION
The primary objective of the study was to develop a water supply of optimum quantity and quality to supplement that of Luke Air Force Base. Prior to the study, the water supply for the base was GEOLOGY, GROUND WATER, LUKE AREA, ARIZONA P5 obtained principally from two deep wells. Future development of the base will require more water than these two wells can produce.
Well (B-2-l)3cbb was drilled to a depth of 1,200 feet under the supervision of the Corps of Engineers in January 1959. The yield of the well proved adequate, but the water contained more than 1,300 ppm (parts per million) dissolved solids and was considered unsuitable for domestic use. Backfilling the well to different depths did not improve the water quality, and the well finally was destroyed.
Later in 1959, a second well well (B-2-l)3ddai was drilled to a depth of 600 feet. The water was of suitable quality but the yield was inadequate. To increase the yield, the well was deepened to 1,060 feet; however, the dissolved-solids content increased, and an analysis of the water from 1,060 feet showed that the chloride content was more than 9,000 ppm. The well was then backfilled to 593 feet, and its yield was later added to that of another 600-foot veil subsequently drilled nearby. The two wells produced about 900,000 gpd (gallons per day).
In August 1959, after completion of these wells, the Corps of Engineers formally requested the Geological Survey to make a study of the ground-water resources of the Luke area and to provMe (1) the location and specifications for one well by October 1, 1959; (2) an interim report by November 1, 1960, on the ground-water resources of the area; (3) technical assistance in drilling and testing the well; (4) a second well location based on the results obtained from the first well; and (5) a final report on the ground-water resources of the area incorporating the results obtained from the two wells.
PREVIOUS INVESTIGATIONS
W. T. Lee, one of the first to study ground-water conditions in the Salt River Valley, stated that the purpose of his paper (1905, p. 11) was "to bring together the facts, so far as known, regarding the underground waters of the Salt River Valley, with a view to ascertaining their available quantity, the areas where they occur sufficiently near the surface for economic pumping, and their adaptability for irrigation." Although the primary subject of that report is ground water, it also contains chapters on geology and physiography. Meinzer and Ellis (1915) made a study of the ground-v^ater conditions in Paradise Valley ( fig. 1 ). Other subjects discussed in their report are physiography, geology, soil and vegetation, climate, and irrigation.
C. P. Ross presented information on the Salt River Valley in his report (1923, p. 1) , which was "designed, first, to give specific information in regard to watering places and routes of travel within the T19-I74 64 2
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region covered, and second, to give general information in regard to the geography, geology, and hydrology of the region."
The geology and ground-water resources of the Salt River Valley area were described in a report by McDonald and others (1947) . Some of the topics discussed in the section on geology are lar dforms, geologic history, structure, pediments, and rock formations. Topics discussed in the section on ground water include occurrence and movement, recharge, discharge, fluctuations of the water table, and quality of water.
METHODS OF INVESTIGATION
Well inventory. The inventory of wells in the Luke area consisted of collecting information regarding depths of wells; casing data, including perforated zones; depths to water; pumping levels; use of the wells; type of pumps; and, yields of the wells. Drillers' logs and drill cuttings also were collected and analyzed. Most of this information appears in table 2. Depth-to-water measurements were made in about 30 wells during January 1961. The water-table contours (pi. 5) were based on these measurements and reported measurements by Goodyear Farms.
Specific conductance. The chemical quality of the water from the wells previously drilled for the base supply made it obvious that water quality was a major problem in the Luke area. Quality is best determined by chemical analysis of the water; however, where chemical analyses were not readily available, specific-conductance measurements were made, and, from the data obtained, the dissolved-solids content was approximated. The approximation was determined from the relation between specific conductance and dissolved solids. This relation is expressed as:
Specific conductance (micromhos at 25°C) A= Dissolved solids (parts per million) Hem (1959, p. 40 ) noted that usually "* * * A has a value between 0.55 and 0.75 unless the water has an unusual composition." A comparison of the chemical analyses with specific-conductance measurements of water in the Luke area indicated that the factor A generally has a value of about 0.6, and this value was used to estimate the dissolved solids, which are underlined on plate 6.
Water samples. About 30 water samples were collected from wells in the Luke area for this study. The analyses of these samples are shown in table 4. Also shown are analyses of samples collected in conjunction with the basic-data collection program in the Salt River Valley and reported data from samples collected and analyzed by Goodyear Farms.
Test drilling Two test wells [(B-2-l)9bcb and (B-2-l)5abc] were drilled for the Luke Air Force Base under the supervision of the U.S.
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Geological Survey and are now used as a part of the base water-supply system. During the drilling of the two wells samples of materials penetrated were collected, specific-conductance measurements of water were made, bailer and pumping tests were conducted, and water samples were obtained at selected horizons. The accuracy of the data thus obtained was increased by several steps taken during construction of the well. The well was drilled with a cable-tool rig and cased with blank casing, which was kept as tight as possible against the sides of the hole and was kept close to the bottom of the hole during drilling. This procedure permitted the recovery of truer samples of the materials penetrated because it prevented contamination from overlying beds.
When field analysis of the rock samples indicated a potentially productive zone, the casing was driven to the top of the zone, and a bailer test was made. After the well was bailed for a long enough time to insure that most of the water in the well was from the selected zone, a water sample was collected for analysis.
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GEOLOGY OF VALLEY FILL GENERAL FEATURES
The Luke area is in the Basin and Range lowlands province and is a part of an intermontane basin which, in this report, is called the Phoenix basin ( fig. 1) 
EXTENT OF VALLEY FILL
The term "valley fill," as used in this report, includes all sediments and sedimentary rocks penetrated by wells in the Luke area (pi. 1), and also the surficial deposits, including those in the stream channels and flood plains of the Salt, Gila, Agua Fria, and New Rivers. The valley fill is the surface formation in more than 95 percent of the area described in this report.
Although there are more than 500 wells in the area, the geologic interpretations described herein are from about 150 wells (pi. 1), which were selected on the basis of well depth and completeness of data. Wells that are less than 250 feet deep and wells for which the lithologic data are meager are not included. The total thickness of the valley fill is unknown, but well (B-2-l)19baa the deepest well in the area penetrated 2,784 feet of sedimentary rock without reaching basement rock.
LITHOLOGY
The valley fill is composed primarily of unconsolidated to semiconsolidated clay, silt, sand, and gravel, which locally contair caliche and evaporites.
Lithologic and stratigraphic studies of the valley-fill material indicated that, in general, the material is in lenticular layers or beds that apparently are not widely distributed horizontally. Only in the southeastern part of the area, where a 100-to 300-foot thickness of sand and gravel overlies a 600-foot thickness of clay and silt, is there some indication of horizontal continuity of the material.
Because of the lack of extensive horizontally correlative beds in most of the valley fill, another approach to the study of the geohydrologic and geochemical features of the Luke area was necessary. A study of the lithologic data for the selected wells indicated a grossfacies pattern of the valley-fill materials. Therefore, percentagedistribution maps (pis. 2 and 3) were constructed that show the percentage of fine-grained materials (silt, clay, and evaporites) and which, in turn, delineate the areas of coarse-grained materials (sand and gravel). The maps were drawn primarily on the basis of data from drillers' logs. The drillers' terminology was interpreted and generalized into uniform terms that could be applied to percentage groups of fine-grained materials. These percentages were estimated as follows: 
Clay and silt, some gravel._______----_____-__--___-_--_ 80 Clay, some gravel-_-_---_______-_---_ _____-______--_-80 8and, silt, and clay__--
Clay and gravel___..___-_________---___-____--_-_-___-50 Gravel, sand, and silt ___-
The entire procedure for computing the percentage of fine-grained materials in a well is shown in table 1, where it is applied to the driller's log for well (B-l-l)3baa. The computed quantity of fine-grained materials in this well is 380 feet, which is 53 percent of the total depth of 714 feet.
Plate 2 shows the distribution of coarse-and fine-grainec1 materials by plotting and contouring the percentage of fine-grained materials from land surface to a datum plane 700 feet above mean sea level; the map is referred to as the 700-foot altitude percentage-distribution map. Plate 3 shows the distribution of coarse-and fine-grained materials by plotting and contouring the percentage of fine-grained materials from land surface to the bottom of the wells (only wells more than 500 feet deep were used); the map is referred to as the total depth percentage-distribution map. To obtain a complete geologic picture of the area it would be necessary to construct percentagedistribution maps at closely spaced vertical intervals for the entire Phoenix basin. However, the two maps included in this report provide a generalized picture of geologic conditions in the Luke area, and they may serve as a framework for future more detailed geohydrologic studies.
A comparison of plates 2 and 3 shows that the percentage of finegrained materials increases with depth; therefore, the percentage of coarse-grained materials decreases. At depths of 800 feet to about 1,200 feet, few coarse-grained materials are present in the valley fill. The trend of the areal pattern formed by the coarse-grainec1 materials is very similar on both maps, indicating a selective depositional area for the materials during part of Tertiary and Quaternary time.
In most of Tertiary and Quaternary time, the Phoenix basin was subsiding. The lithologic characteristics of most materials indicate a typical intermontane basin, fed entirely by fresh-water streams flowing from the north and east. For the most part, the coarsegrained sediments were deposited in stream channels crossing the subsiding basin. Along the margin of the White Tank Mountains, some coarse-grained materials were spread out from the mountains basinward by smaller streams. In areas outside of the channels, where circulation was restricted, the fine-grained sediments, including shallow-water lacustrine deposits, were laid down. Locally, evaporites are interbedded with the fine-grained sediments. Most evaporites, especially in the upper 1,500 feet of the valley fill, are gypsum. However, the material at depth in well (B-2-1)-19baa is largely halite; material from 2,350 feet was more than 97 percent halite.
Thick and thin zones of evaporites in the valley fill thf.t occur at different altitudes are shown below. 
EARTH CRACKS
In recent years several earth cracks have appeared in the Phoenix basin. At least two conspicuous cracks (pi. 1) are within the Luke area (Robinson and Peterson, 1962, p. 4) . The movements that produced the earth cracks also caused local damage, including collapse of the casings in nearby wells. The cracks probably are due to the dewatering of the valley fill, which has caused compaction and subsidence of the materials therein; however, they may be the surface expression of deep-seated structural movement.
GROUND WATER HISTORY AND USE
In 1960 more than 2,000,000 acre-feet of ground water was used to irrigate lands within the Salt River Valley. Ground water is also the chief source of water for homes, industries, and military installations throughout the valley. The quantity of ground water withdrawn from the Luke area is not known; however, Goodyear Farms used about 51,000 acre-feet in 1960.
Irrigation in the Salt River Valley, of which the Luke area is a part, dates back to the time of prehistoric Indian tribes. Ancient handdug irrigation canals are evidence that the Indians made u^e of crude dams to divert water from perennial streams. Later, white settlers also used dams and canals to bring water from the Salt River to adjacent farmlands. By 1892, there were at least 10 such canals and more than 100,000 acres of land under cultivation. In 1901, the first deep irrigation well was put into use near Mesa, Ariz. The success of this well resulted in the construction of other wells, and today ground water is the major source of irrigation water.
P12 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES THE WATER TABLE
The most important source of ground water in the Luke area is the valley fill; the water in the pore spaces of the sediments constitutes a ground-water storage reservoir. The upper surface of the saturated part of the valley fill is referred to as the water table; the position of this surface can be approximated by measuring the depth to v^ater in wells penetrating the valley fill. A change in the water level in a well generally indicates a change in storage in the ground-water reservoir that the well penetrates. When recharge exceeds discharge, water levels in wells rise, and when discharge exceeds recharge, water levels decline. Table 2 is a compilation of well data collected from about 235 wells in the Luke area. These data and data that were collected prior to the study were used to determine the position and declines of the water levels. The depth and perforation data contained in table 2 were essential to the study of quality of water in the area.
The water table in the Luke area is declining because larg?, qijantities of water are withdrawn and recharge is negligible. During 1941-61 the water levels in the immediate vicinity of Luke Air Force Base declined about 150 feet. The annual rate of decline during the past few years has been about 13 feet.
Water-level anomalies were observed in two wells. In December 1960 the water level in well (B-2-l)14cbb was 80 feet above the main water table. The well was drilled in 1960 and was abandoned because the water had a high dissolved-solids content. The driller's log provided no information on possible artesian conditions during drilling, but such an anomalous water level might be due to artesian pressure. However, data from well (B-2-l)21abb, which was started in September 1961, virtually eliminated artesian pressure as the cause of the anomaly. This well reached water at a depth of 100 feet a level which was about 130 feet above the main water table and as drilling progressed the water remained at about this same level. Data are insufficient to explain conclusively the anomalous water-level phenomena, but several possibilities are indicated. Interpretation of drillers' logs shows that clay and silt lenses of low permeability occur throughout the area. The anomalous water levels might be the result of water from rainfall, irrigated fields, and the Agua Fria River, piling up on the surface of these relatively impermeable lenses. The anomalous water levels also may be produced by residual water that has been trapped temporarily as the water table declines. pleted 1952 1937 1958 1958 1959 1959 1953 1920 1958 1937 1953 1951 1951 1940 1948 1951 1960 1937 1955 1948 1950 1957 1936 1928 1959 1959 completed 1949 1958 1949 1961 1957 1941 1941 1948 1946 1917 1952 1952 1917 1950 1941 1941 1951 1952 1946 1954 1944 1917 1917 1940 1951 1954 1953 1951 1946 1951 -------- 1948 1951 1951 1051 1958 1919 1949 1956 1941 1949 1949 1949 1948 1951 1946 1949 1951 1946 1959 1953 1950 1959 1957 1,150 1,1(10 I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
AQUIFER CHARACTERISTICS
Although many cubic feet of valley fill in the Luke area has been dewatered, a great thickness of the material is still saturated. The thickness of the saturated valley fill is not known; however, several wells were still in saturated materials at depths of 1,200 feet, and one well was in saturated materials at a depth of 2,700 feet. The maximum depth to water in the area is now about 400 feet; thus, a considerable amount of water remains in the reservoir.
One of the most important aquifer characteristics of the valley fill is its permeability a measure of the aquifers' ability to transmit water. Well-sorted coarse-grained materials have large interconnected interstices and release water readily; therefore, these materials can transmit large volumes of water. Fine-grained materials, such as silt and clay, and poorly sorted materials, which have small interstices, do not readily release water; therefore, these materials can transmit only small quantities of water. The percentage-distribution maps (pis. 2 and 3) show the distribution of fine-grained materials in the Luke area and, in effect, show the relative differences in permeability throughout the area.
Permeability, in turn, affects the specific capacity (yield in gallons per minute per foot of drawdown) of a well. Well depth, construction, type and number of perforations, and thoroughress of well development also affect the specific capacity. However, when the construction of wells is similar, differences in specific capacities may be attributed mainly to differences in the permeability of the material penetrated. Thus, other factors being equal, a well in an area where the penetrated materials are predominantly coarse grained will have a greater specific capacity than a well in an area where the materials are predominantly fine grained. Specific capacities of about 60 wells were computed from data reported by Goodyear Farms (table 3) and were plotted on the total depth percentage-distribution map (pi. 4). The specific capacities ranged from about 3 to 55 gpm per foot of drawdown. In most places, regardless of depth, wells that had specific capacities of 20 or greater are in areas where the valley fill is composed of less than 60 percent fine-grained materials. A notable exception is in the southwest corner of T. 2 N., R. 1 W. and the southeast corner of T. 2 N., R. 2 W., where several wells have specific capacities lower than expected from the indicated lithology. The reasons for this occurrence may be related to differences in well construction or to the limited control inherent in the method used to determine the geology. In general, however, specific-capacity data corriborate the interpretation of the geologic data that were used to drpw the percentage-distribution maps. The specific-capacity data also suggest that the permeabil : ty of the coarse-grained materials decreases with depth. Examination of well data showed that deepening a shallow well or replacing a shallow well with a deeper well generally did not increase the specific capacity. One new deep replacement well, which was not perforated above 300 feet, had a specific capacity that was less than the specific capacity of the shallow well it replaced. At present a more detailed investigation in the area is designed to study this situation.
The percentage-distribution maps show that much of the Luke area is underlain by predominantly fine-grained materials, which do not yield water readily, and that their areal distribution increases with depth. The permeability of the predominantly coarse-grained materials also decreases with depth. Therefore, specific capacities of wells will decrease at an increasing rate as the water table declines, GEOLOGY, GROUND WATER, LUKE AREA, ARIZONA
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and the annual rate of water-table decline will increase as the volume of saturated coarse-grained materials decreases with depth.
MOVEMENT
Ground-water movement through an aquifer is controlled by the permeability of the material and the gradient of the water table. The direction and the rate of the movement also is influenced by pumping. A contour map of the water table depicting the general configuration of the water table by contour lines drawn through points of equal water-table altitude may be used to show direction of ground-water movement. Ground water moves from high to low altitudes in a direction perpendicular to the contour line. The contour map of the water table in the Luke area (pi. 5) shows that in the spring of 1961 the ground water in the Luke area was moving generally southwest.
In spring 1961 ground water in the area was moving toward two conspicuous depressions one in T. 2 N., R. 1 W., and one in T. 2 N., R. 2 W. The depression in T. 2 N., R. 1 W., apparently is the result of the pumping of wells (B-2-l)14dbb and (B-2-l)14abd. The wells are about a quarter of a mile apart and are between 700 ard 750 feet deep. During the summer of 1960, well (B-2-l)14dbb was producing about 1,300 gpm and well (B-2-l)14abd was producing about 1,600 gpm. Both wells were pumping from about 400 feet below the land surface. Plate 5 shows that the wells are in a peripheral area of predominantly fine-grained materials. The flatness of the water table west of the cone and the steepness of the cone suggest that the finegrained materials retard the movement of water to the cone of depression. Most water moves to the cone from the east and the south. The axis of the limb of the troughlike depression in T. 2 N., R. 2 W., is primarily in an area of fine-grained materials and heavy pumping. This depression is the combined result of low permeability p.nd pumping. The area of fine-grained materials becomes more extensive with depth, and the present cones of depression probably will expand at an accelerated rate each succeeding year.
CHEMICAL CHARACTER
The high dissolved-solids content of ground-water samples taken from several wells drilled for Luke Air Force Base prior to this study indicated that the vertical and areal distribution of poor-quality ground water on the base and in the Luke area should be determined.
Chemical analyses of the ground water from wells in the Luke area are given in table 4. The current standards (U.S. Public Health P22 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES Service, 1962) for preferable concentration limits of some of th°, chemical constituents in public and domestic water supplies are as follows:
Good quality_______-_-__-----_----____-__----__-500 Where no better water available.__--_________-__-_ 1, 000
A lithologic study of the valley fill revealed, as previously mentioned, that evaporite-bearing zones occur at random. Consecuently, the areas having ground water of poor quality were delineated initially on the basis of the sum of the dissolved solids in the wate~. The sum of dissolved solids computed from chemical analyses and specificconductance measurements of samples collected during 19£9 were plotted oa a map, and isopleths were drawn through points of equal dissolved-solids content (pi. 6). Only wells of 1,000-foot depth or less were used.
The map shows that the water in the northern half of the Luke area is generally of good quality. The dissolved-solids content increases southward, and data (not included in this report) from shallow wells indicate ground water of very poor quality in the southernmost part of the Luke area.
To determine if there existed prominent and correlative zones of valley-fill materials that produced ground water of poor quality, an attempt was made to establish a relation between the dissolved-solids content and the zones yielding water to wells based on an analysis of well-casing perforation data. The well data delineated by the isopleths showed that the shallow and deep wells yield poor-quality water. Table 5 is a compilation of data collected from wells that are between the 1,000-and 2,000-ppm isopleths. Table 5 shows that the poor-quality water yielded by wells (B-2-1) 28dcb, (B-2-1 )33bbb, and (B-2-1 )33bcc enters these wells at relatively shallow depths. The table also shows that these three shallow wells have specific capacities that are greater than or similar to the specific capacities of the deeper wells. This may indicate that all the wells listed in table 5 obtained their water from relatively shallow depths. Most of the wells that lie outside of the 1,000-ppm isopleth are perforated in the same shallow zone but produce water of good quality, indicating that salinity is a relatively localized problem. The area of high salinity apparently is expanding because a study of analyses collected during 1946 shows that the quality of water 
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The occurrence of poor-quality water in wells (B-2-l)3cbb and (B-2-l)3ddai is not related to the area previously discussed. No water samples were collected during drilling, so the altitude of zones containing poor-quality water is not known; however, the water probably came from below 600 feet. Well (B-2-l)3ddai yielded water of good quality before it was deepened from 600 to 1,060 feet. An analysis of the water collected from the well after it had been deepened showed that the chloride concentration was in excess of 9,000 ppm, so the well was backfilled to 593 feet. The well now yields water of good quality. Well (B-2-l)3dda2 , drilled to a depth of 600 feet, also yields water of good quality. Wells (B-2-l)4dadi and (B-2-l)4dad2, less than a quarter of a mile from well (B-2-l)3cbb, also yield water of good quality; these wells are only 500 fe^t deep.
Well (B-2-l)18bbb yields water of poor quality; this well is considerably deeper than the surrounding wells that yield water of good quality. Well (B-2-l)19baa contained highly saline water when drilled to a depth of 2,784 feet. It was plugged at a depth of 1,282 feet and now yields water of good quality. The bottom of well (B-2-l)18bbb is almost 200 feet above the horizon at which well (B-2-l)19baa was plugged; the two wells apparently are not obtaining water of high salinity from the same depth. Although these vrells and wells (B-2-l)3cbb and (B-2-l)3ddai obtained water of poor quality from relatively deep zones, it does not follow that all deep wells in the Luke area wrould yield poor-quality water; several that are deeper than 1,000 feet yield water of good quality.
GEOLOGY, GROUND WATER, LUKE AREA, ARIZONA P27 Both of the wells previously mentioned as having anomalous water levels contain water of poor quality. Water from well (B-2-l)14cbb was reported to be of poor quality, and conductivity measurements made during the drilling of well (B-2-l)21abb indicated a dissolvedsolids content as high as 1,800 ppm at a depth of 140 I'eet. In this well it is apparent that the shallow part of the aquifer contains water of poor quality.
In summary, poor-quality water is not distributed uniformly throughout the Luke area. In general, wells in the southern half of the area seem to obtain poor-quality water from relatively shallow depths. Most wells in the northern half of the area yield water of good quality; however, the water from five of these wells is high in dissolved solids. In these wells the zones of poor-quality water occur at random depths. Insufficient data have been accumulated to accurately predict which locations and depths might yield water of poor quality. Therefore, drilling and sampling techniques, such as those used during the construction of test wells (B-2-l)9bcb and (B-2-l)5abc, should be used during the construction of wells in the future.
LUKE AIR FORCE BASE TEST WELLS
Two test wells were drilled at Luke Air Force Base under the supervision of the U.S. Geological Survey. The first was drilled in sec. 9, T. 2 N., R. 1 W., and was completed in January 1960; the second was drilled in sec. 5, T. 2 N., R. 1 W., and was completed in August 1960.
FIRST TEST WELL
The site for the first test well (B-2-l)9bcb was selected on the basis of availability of water and access to the water system. Although the northwestern part of the base showed the greatest promise for a well of optimum quality and quantity of water, no waterlines were available on that part of the base. As a result, the well site was located in the NW% sec. 9, T. 2 N., R. 1 W., a location which satisfied both requirements.
The well was drilled and cased to a depth of 1,200 feet. During construction of the well, drill-cutting samples were collected at intervals of 5 feet. A bailer test was made whenever field analysis of the cuttings indicated the possibility of a productive zone. Specific-conductance measurements were taken of the bailer water every 5 feet to determine quality-of-water zones. Water samples were taken during each bailer test and chemical analyses were made (table 4) .
Specific-conductance measurements, laboratory analyses of drill cuttings, and data from the bailer tests were compiled and used to position casing perforations. The casing was first perforated from 907 to 924 feet and from 969 to 977 feet, because bailer tests had indicated that coarse-grained beds at these depths might yield an adequate amount of water. The bottom of the hole was plugged with cement, a pump was installed, and the well was surged for several hours. The water level was allowed to recover, and the well was then tested by pumping at a rate of 330 gpm for 9 hours. The test was discontinued because the water level had drawn down 200 feet to the pump bowls, which were at 440 feet. An analysis of the water sample collected at the end of the test showed a fluoride content of 4.4 ppm. This is considerably above the standard maximum of 1.5 ppm (U. S. Public Health Service, 1962) .
Because the well did not yield sufficient water, new perforations were cut from 535 to 561 feet and from 564 to 572 feet. A second pumping test was run at a rate of about 950 gpm for 24 hours. At the end of 24 hours the drawdown was 66 feet. Analyses of water samples collected during the test showed a fluoride content of 2.8 ppm. Although the fluoride content was still high, it was decided that mixing this water with the water in the system would dilute the fluoride content sufficiently to produce water acceptable for domestic use.
SECOND TEST WELL
The second test well, (B-2-1) 5abc, was drilled to a depth of 1,000 feet and was constructed in the same manner as the first we?I. The well casing was perforated at selected zones (table 2), and the well was developed by sand-pumping and surging for several days.
A pumping test was made after the well was developed. The test consisted of measuring the drawdown periodically during continuous pumping at different rates of discharge. The well was pumped first at 1,000 gpm for 8 hours. For the next 8 hours, the well was pumped at 1,250 gpm, and for the last 8 hours, it was pumped at 1,£00gpm. When the well had been pumped for 24 hours, periodic measurements of the recovery of the water level were made.
The first 8 hours of pumping at 1,000 gpm produced a maximum drawdown of about 44 feet. During the 8 hours of pumping at 1,250 gpm, the drawdown increased about 10 feet; the 8 hours of pumping at 1,500 gpm increased the drawdown an additional 15 feet. Six hours after pumping had been discontinued, the water level had recovered to within 2 feet of its original level.
The step-drawdown test did not lend itself readily to analysis because of difficulty in controlling the discharge rate. Estimates of the coefficient of transmissibility l ranged from about 40,000 to i The coefficient of transmissibility may he expressed as the number of gallons of water per day transmitted through each section of aquifer 1 mile wide extending the height of the aquifer under a hydra-jlic gradient of 1 foot per mile at the prevailing temperature.
GEOLOGY, GROUND WATER, LUKE AREA, ARIZONA P29 68,000. An analysis of water collected during the test showed a total dissolved-solids content of 269 ppm and a fluoride content of 1.4 ppm (table 4) .
CONCLUSIONS
Ground water in the Luke area has been and will continue to be the most important source of domestic and irrigation wate" supplies. The water levels in the Luke area declined about 150 feet during the 20-year period 1941-61. The amount of annual decline is now about 13 feet.
There are several areas of predominantly fine-grained materials within the Luke area. Wells that obtain their water from these areas generally have specific capacities of 15 or less. Wells that obtain their water from predominantly coarse-grained materials generally have specific capacities of 20 or greater.
The areal distribution of fine-grained materials increases with depth, and specific-capacity data indicate the permeability of the coarse-grained materials decreases with depth. Therefore, as the volume of saturated coarse-grained materials decreases with depth, the annual rate of decline will increase and the specific capacities of wells will decrease.
In recent years several earth cracks have occurred in the Phoenix basin. The authors believe these cracks may be the result of dewatering of the valley fill, thereby causing compaction and subsidence. Severe damage to well casings observed near these cracks may be caused by the movement which caused the cracks. As the water table continues to decline, the valley-fill materials may continue to undergo compaction and subsidence, and, consequently, more well casings and other construction may suffer damage.
Chemical quality of water varies throughout the Luke area. Wells in the southern half of the area yield water of poor quality from shallow depths. While wells in the northern half of the area generally yield water of good quality, analyses from several wells showed a high dissolved-solids content, and data for these wells indicated that they obtained their poor-quality water from zones at random depths.
If it is necessary to drill new wells to supplement the Luke Air Force Base water supply, these wells should be located in the northwest corner of the base. Wells located here would have good specific capacities because this part of the base is in an area of predominantly coarse-grained materials. Also, quality-of-water data indicate that water of suitable quality would be obtained more easily in the northwest corner than elsewhere on the base; however, drilling and sampling techniques such as those used during the construction of the two Luke Air Force Base test wells should be used to construct future wells. WATER-SUPPLY PAPER 1779-P PLATE 3 R.I E. 
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